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Slit  repulsion,  mediated  by  Robo  receptors,  is  known  to  play  a 
major  role  in  axon  guidance  in  the  nervous  system.  However, 
recent  studies  have  revealed  that  in  the  mammalian  cortex 
these  molecules  are  highly  versatile  and  that  their  function 
extends  far  beyond  axon  guidance.  They  act  at  all  phases  of 
development  to  control  neurogenesis,  neuronal  migration, 
axon  patterning,  dendritic  outgrowth  and  spinogenesis.  The 
expression  of  Robo  receptors  in  cortical  and  thalamocortical 
axons  (TCAs)  is  tightly  regulated  by  a  combination  of 
transcription  factors  (TFs),  proteases  and  activity.  These 
findings  also  suggest  that  Slit  and  Robos  have  influenced  the 
evolution  of  cortical  circuits.  Last,  novel  genetic  evidence 
associates  various  neurological  disorders,  such  as  autism,  to 
abnormal  Slit/Robo  signaling. 
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Introduction 

Slits  are  secreted  ligands  of  the  roundabout  (Robo)  recep¬ 
tors.  They  control  commissural  axon  guidance  in  the 
central  nervous  system  (CNS)  and  a  wide  range  of 
cell-cell  interactions  outside  the  CNS  [1],  In  mammals, 
mounting  evidence  suggests  that  Slits  and  Robo  receptors 
are  primordial  for  the  development  of  cortical  circuits.  In 
addition,  mutations  in  genes  of  the  Slit— Robo  families 
have  been  described  in  a  variety  of  neurological  and 
neuropsychiatric  disorders  [2].  Here,  we  will  discuss 
recent  findings  that  shed  light  on  functions  of  these 
molecules  in  the  cortex.  Given  that  cortical  networks 
imbalances  are  thought  to  be  the  underlying  cause  of 
most  neuropsychiatric  diseases,  we  will  illustrate  Slit— 
Robo  function  in  various  aspects  of  cortical  development 
and  plasticity. 


Slit/Robo  signaling  controls  the  development 
of  thalamocortical  projections 

In  mammals,  there  is  a  mandatory  relay  for  virtually  all 
incoming  sensory  inputs  which  are  then  dispatched  to 
their  appropriate  cortical  areas.  The  thalamus  receives 
reciprocal  projections  from  the  cortex  and  the  two  types  of 
axons  guide  each  other  during  development  [3].  In  the 
mouse,  thalamocortical  axons  (TCAs)  start  extending 
from  the  diencephalon  into  the  ventral  telencephalon 
around  E12.5,  cross  the  striatum  and  reach  the  base  of 
the  cortex  around  E14.5.  Their  growth  across  the  striatum 
requires  a  corridor  of  guidepost  neurons  (also  called 
corridor  cells),  which  originate  in  the  lateral  ganglionic 
eminence  (LGE)  [4]  (Figure  la).  Corridor  cells  express 
guidance  cues  such  as  neuregulins,  which  promote  the 
extension  of  TCAs  [4],  The  topographical  organization  of 
TCAs  that  will  be  translated  to  the  cortex  is  also  pre¬ 
patterned  within  the  corridor.  Recent  studies  have  shown 
that  Slit/Robo  signaling,  directly  or  indirectly,  plays  a 
pivotal  role  in  the  development  of  thalamocortical  pro¬ 
jections,  acting  at  all  choice  points  along  their  pathway 
(Figure  1).  Previous  studies  evidenced  that  Slit2  from  the 
hypothalamus  and  diencephalic  midline  repel  TCAs 
toward  the  ventral  telencephalon  [5].  In  knockout  mice 
(KO)  lacking  Slit2  or  Robol  and  Robo2,  a  subset  of  TCAs 
invades  the  hypothalamus  and  fails  to  enter  the  telence¬ 
phalon  [5].  Two  groups  have  shown  that  the  LIM  home- 
odomain  2  (Lhx2)  and  gastrulation  brain  homeobox  gene 
2  (Gbx2)  transcription  factors  (TFs)  regulate  the  expres¬ 
sion  of  Robo  receptors  in  TCAs  [6,7].  Both  TFs  are 
expressed  by  postmitotic  thalamic  neurons  during  axo- 
nogenesis  and  in  Gbx2  KO  embryos  most  TCAs  are 
unable  to  enter  the  telencephalon  [6],  Early  TCA  path¬ 
finding  defects  (such  as  ectopic  hypothalamic  projections) 
were  also  observed  following  targeted  deletion  of  Gbx2, 
or  Lhx2  overexpression  in  thalamic  neurons,  supporting  a 
cell-autonomous  function  of  these  TFs  in  axon  guidance 
[7],  Most  newly  born  thalamic  neurons  express  Robo2  at 
similar  levels  but  the  expression  of  Robol  is  higher  in  the 
caudal  thalamus  where  Lhx2  expression  is  lowest.  In  Gbx2 
and  Lhx2  mutants,  the  expression  pattern  of  Robol  and 
Robo2  on  TCAs  was  altered.  The  conditional  inactivation 
of  Lhx2  in  the  thalamus  induces  a  significant  upregulation 
of  Robol /Robo2  transcripts,  whereas  Lhx2  overexpression 
had  an  opposite  effect  [7].  The  presence  of  specific 
binding  sites  in  regulatory  elements  of  Robo  genes 
suggests  that  Lhx2  directly  represses  their  transcription. 
By  contrast,  Gbx2  appears  to  activate  Robo2  expression 
indirectly,  by  inhibiting  the  transcription  of  LM03  (LIM- 
domain-only  3)  a  negative  regulator  of  LIM  TFs. 
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diencephalon,  repelling  TCAs  (purple)  away  from  these  domains.  Slit  repulsion  also  at 
bridge  for  TCAs  in  the  ventral  telencephalon.  When  Slit/Robo  expression  is  altered,  si 
Corridor  cell  migration  is  also  perturbed  preventing  many  TCAs  from  growing  across  the  striatum,  (b)  Two  parallel  expression  gradients  of  Slitl  and 
Netrin-1  within  the  corridor  control  the  sorting  of  TCAs  along  the  cortex  rostro-caudal  axis.  See  text  for  details.  Abbreviations:  E,  embryonic  day;  GP, 
globus  pallidus;  iTh,  intermediate  thalamus;  Str,  striatum;  rTh,  rostral  thalamus. 


Although  it  is  still  unclear  if  Lhx2  always  positively  [6]  or 
negatively  [7]  controls  Robo2  expression  in  TCAs,  there 
is  a  consensus  in  favor  of  a  tight  regulation  of  Robol/ 
Robo2  expression  level  in  TCAs  by  Lhx2  and  Gbx2  TFs 
and  its  importance  for  TCAs  guidance.  The  abnormal 
combination  of  Robol  and  Robo2  receptors  on  TCAs 
from  Gbx2  and  Lhx2  KO  might  also  perturb  their  adhesive 
properties  and  fasciculation. 

Another  elegant  study  [8*]  showed  that  Slit/Robo  repul¬ 
sion  controls  the  migration  of  corridor  cells  from  the  LGE. 
In  Slit2  and  Robol /Robo2  KOs  TCAs  cannot  enter  the 
corridor,  which  is  distorted  and  points  toward  the  midline 


instead  of  the  cortex  (Figure  la).  In  vitro  transplantation 
of  a  wild-type  corridor  allows  TCAs  to  reach  the  cortex 
arguing  against  a  direct  role  of  Robo  in  TCAs  at  this  level. 
Another  study  revealed  that  Robo  expression  in  TCAs 
controls  their  sorting  in  the  ventral  telencephalon  [9] 
(Figure  lb).  Slitl  is  differentially  expressed  in  the  corri¬ 
dor  in  a  high-rostral  to  low-caudal  gradient.  TCAs  express 
Robo  receptors  and  are  repelled  by  Slits  in  3D-gel  cul¬ 
tures.  In  Slitl  KO,  TCAs  from  the  intermediate  thalamus 
invade  a  cortical  domain  normally  devoted  to  rostral 
TCAs  suggesting  that  they  are  normally  repelled  from 
it  by  Slitl.  Surprisingly,  in  Slitl  KO  rostral  TCAs  invade 
caudal  cortical  regions  suggesting  that  in  normal 
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condition  they  are  restrained  from  leaving  the  rostral 
domain  despite  the  high  level  of  Slitl.  A  combination 
of  3D-gel  cultures,  turning  assay  and  axonal  tracing  solved 
this  paradox.  The  chemoattractant  Netrin-1  is  expressed 
in  the  corridor  in  a  gradient  similar  to  Slitl  and  TCAs 
express  several  of  its  receptors.  Although  Netrin-1  alone 
is  unable  to  attract  rostral  TCAs,  it  does  so  when  com¬ 
bined  with  Slit  to  which  rostral  TCAs  become  unrespon¬ 
sive  [9],  A  recent  study  [47]  showed  that  this  differential 
response  to  netrin  involves  the  FLRT3  receptor.  This 
was  unexpected  as  in  spinal  cord  commissural  axons,  Slit 
silences  Netrin-1  attraction  rather  than  the  opposite  [10], 

The  last  phase  of  TCAs  extension  is  also  controlled  by 
Robol  [11**].  Time-lapse  analysis  showed  that  TCAs 
significantly  decelerate  upon  reaching  the  cortex.  This 
involves  intrinsic  molecular  changes  as  the  velocity  of 
axons  from  dissociated  thalamic  neurons  decreases  with 
the  age  of  the  donor  embryo.  Interestingly,  there  is  a 
parallel  decrease  of  the  spontaneous  activity  of  thalamic 
neurons  (lower  frequency  of  calcium  transients  and  resting 
membrane  potential)  when  their  axons  enter  the  cortex 
suggesting  that  neuronal  activity  acts  as  an  accelerator  of 
TCA  extension.  Once  more,  Robol  was  identified  as  one  of 
the  gene  whose  transcription  is  inhibited  by  activity  in 
thalamic  explants.  TFs  known  to  be  regulated  by  calcium, 
such  as  NF-kB,  appear  to  be  involved.  Together  these  data 
indicate  that  Robol  sets  the  sensitivity  of  TCAs  to  Slit, 
acting  as  a  molecular  brake  in  TCA  axons  [11**].  This 
model  is  further  supported  by  a  premature  cortical  invasion 
by  TCAs  in  Robol  and  Slitl  knockouts.  However,  TCAs 
from  Gbx2  and  Lhx2  KO  express  higher  levels  of  Robol  but 
yet  enter  the  cortex  prematurely  [6,7]. 

Slit/Robo  and  the  development  of  callosal 
projections 

Slit/Robo  function  in  the  development  of  the  major 
forebrain  commissure,  the  corpus  callosum  (CC),  has 
been  extensively  studied.  In  Robol  12  and  Slit2  mutants, 
callosal  axons  aberrantly  project  ventrally  into  the  septum 
and  hippocampal  and  callosal  commissural  axons  are 
intermingled  [12,13].  A  subset  of  axons  still  cross  the 
midline  in  Robol/2  double  KOs,  but  Slitl/2  double 
mutants  are  almost  acallosal.  A  recent  study,  using  dMRI 
(diffusion  magnetic  resonance  imaging)  showed  that  Slit2 
still  acts  on  callosal  axons  after  midline  crossing  [14]  and 
that  in  Slit2  KO,  callosal  axons  do  not  project  properly  to 
their  respective  homotopic  regions  in  the  contralateral 
cortex.  However,  Robol  KO  do  not  show  defects 
suggesting  that  Robol  is  not  the  sole  receptor  mediating 
Slit  responses  in  this  system.  A  novel  putative  Slit  re¬ 
ceptor,  EVA1G  (enhancer  of  ventral-axon  guidance 
defects  of  unc40  mutants),  initially  identified  in  C.  elegans , 
is  expressed  in  developing  callosal  axons  and  may  com¬ 
plete  the  picture  of  Slit-mediated  guidance  herein  [15]. 
The  bHLH  TFs  Neurod2/6  control  the  fasciculation  of 
callosal  axons  and  Robol  is  upregulated  in  the  cortex  of 


Neurod2/6  double  mutants  [16],  However,  since  Neu- 
rod2/6  act  as  transcriptional  enhancers,  transcriptional 
regulation  of  Robol  is  likely  regulated  by  a  different 
mechanism. 

Other  studies  suggest  that  Slitl/3  act  indirectly  on  corti- 
cocortical  projections  by  acting  on  the  migration  of  mid¬ 
line  glial  populations  which  pattern  this  tract  [14].  The 
correct  positioning  of  Slit2  expressing  midline  glial  struc¬ 
tures  also  requires  the  heparan  sulfotransferase  Hs6stl,  a 
key  modifying  enzyme  in  the  biosynthetic  pathway  of 
heparan  sulfate  proteoglycans  [17].  Last,  Slit2  expression 
in  glia  is  under  the  transcriptional  control  of  Gli3.  In 
absence  of  Gli3,  Slit2  expression  in  midline  glia  expands 
toward  the  septum  and  perturbs  corpus  callosum  devel¬ 
opment  [18]. 

New  roles  for  Slits  and  Robos  in  the  migration 
of  cortical  neurons 

The  six  layers  of  the  mammalian  neocortex  contain  two 
main  types  of  neurons,  interneurons  and  pyramidal 
neurons,  which  originate  from  distinct  progenitors,  out¬ 
side  and  within  the  dorsal  telencephalon  respectively. 

Cortical  interneurons  (CINs)  arise  primarily  from  the 
medial  ganglionic  eminence  (MGE),  and  migrate  tangen¬ 
tially  to  the  cortex.  Their  migration  is  escorted  by  inter¬ 
play  of  repulsive  cues  (such  as  secreted  semaphorins) 
from  the  striatum  [19]  and  concerted  attraction  mediated 
by  the  cortex  [20],  CINs  migrate  normally  across  the 
ventral  pallium  and  cortex  in  Slitl/2  KOs  [20],  However, 
in  Robol  KO,  some  interneurons  abnormally  invade  the 
striatum  [21*]  suggesting  that  Robol  can  function  inde¬ 
pendently  of  Slits  [22].  Interestingly,  a  similar  phenotype 
was  described  in  mice  deficient  for  the  class  3  Semaphorin 
receptor  Neuropilinl  (Nrpl)  [19],  It  was  also  found  that 
Robol  can  form  a  complex  with  Nrpl  and  Nrp2  and  that 
in  Robol  KO,  the  expression  of  Nrpl  and  its  coreceptors 
PlexinAl/A2  is  downregulated  in  MGE  neurons.  This 
could  explain  why  Robol~'~  MGE  neurons  are  less 
responsive  to  Sema3A/F  and  penetrate  the  striatum 
where  these  repulsive  cues  are  expressed  [22].  The  exact 
regulatory  mechanism  is  unknown,  but  in  cancer  cells  [23] 
Robol  proteolytic  cleavage  by  metalloproteases  and 
gamma  secretases  releases  an  intracellular  fragment, 
which  translocates  to  the  nucleus  and  could  regulate 
the  transcription  of  downstream  genes.  This  renders  it 
possible  that  neuropilins  and  plexins  may  be  transcrip¬ 
tional  targets  of  Robol. 

Slit-Robo  signaling  also  regulates  the  positioning  of 
radially  migrating  pyramidal  neurons  within  cortical 
layers.  Knockdown  of  Robol  in  vivo  leads  to  a  migration 
delay  of  cortical  pyramidal  neurons  entering  the  cortical 
plate  and  their  distribution  in  layer  II/III  is  altered 
(Figure  2).  This  seems  to  reflect  a  specific  requirement 
for  Robol  in  the  positioning  of  these  neurons  rather  than  a 
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Function  of  Slit  and  Robo  in  the  developing  cortex,  (a)  Intermediate  cortical  progenitors  (I PCs)  are  born  in  the  ventricular  zone  (VZ)  on  day  E10-E12.5  and 
proliferate  in  the  subventricular  zone  (SVZ).  They  then  detach  from  the  apical  ventricular  surface  and  migrate  toward  the  preplate  region  (PP)  under  the  pial 
surface.  In  Robol  KO,  the  pool  of  IPCs  is  increased  and  the  speed  of  mitosis  is  decreased.  The  rate  of  neurogenesis,  however,  is  not  altered,  possibly  due 
to  increased  adhesion  at  the  ventricular  surface,  (b)  As  cortical  expansion  through  neurogenesis  and  migration  progresses,  prospective  pyramidal 
projection  neurons  migrate  along  radial  glia  ceils  (RGCs)  toward  the  marginal  zone.  Migratory  speed  is  reduced  in  Robol  -deficient  neurons  and  in  neurons 
overexpressing  srGAP2  which  also  show  increased  neurite  branching.  Conversely,  srGAP2  knockdown  decreases  neurite  branching  and  hence 
accelerates  migration,  (c)  Consequence  of  Robol  knockdown  on  cortical  development.  Wildtype  layer  ll/lll  pyramidal  neurons  are  distributed 
homogenously  throughout  their  homing  layers  with  their  apical  dendrites  oriented  toward  the  cortical  surface.  By  contrast,  the  cell  bodies  of  Robol - 
deficient  neurons  remain  close  to  the  pial  surface.  Apical  dendrite  branching  is  significantly  increased  in  the  absence  of  Robol  and  the  characteristic 
inside-out  distribution  of  projection  neurons  and  possibly  their  polarity  are  altered. 


i/.sciencedirect.c 


Current  Opinion  in  Neurobiology  2014,  27:82-88 


86  Development  and  regeneration 


proliferative  defect  [24].  When  electroporated  with  an 
shRNA  against  Robol,  pyramidal  neurons  in  layer  II/III 
form  a  compact  cell-dense  rim  right  beneath  the  marginal 
zone,  owing  to  a  failure  of  these  cells  to  descend  into 
deeper  cortical  layers  during  postnatal  development. 
Furthermore,  after  Robol  loss-of-function,  the  partition 
of  early  and  late  born  neurons  in  an  inside-out  manner  was 
lost  in  layer  II/III  neurons  (Figure  2). 

Slit  function  in  the  development  of  dendrites 
and  spines  in  cortical  neurons 

In  mammals,  Slit2  was  purified  as  a  factor  promoting 
axonal  branching  of  sensory  neurons  and  this  role  has 
since  been  validated  by  multiple  in  vivo  studies  [25,26]. 
Slit/Robo  signaling  also  controls  dendritic  development, 
such  as  in  the  cerebellum  where  Slit2  and  Robo2  act  in  a 
cell  autonomous  manner  in  Purkinje  cells,  mediating  self¬ 
avoidance  between  dendritic  branches  [27].  In  the  devel¬ 
oping  cortex,  it  was  previously  shown  that  Slits  promote 
the  extension  and  branching  of  pyramidal  cell  dendrites 
[28].  A  novel  study  has  confirmed  these  results  [29]  and 
showed  that  this  activity  involves  NCK2,  a  mammalian 
ortholog  of  Dock,  an  adaptor  protein  which  in  Drosophila 
links  Robo  receptors  to  the  cytoskeleton  [30].  In  addition, 
Robol  knockdown  perturbs  the  development  of  pyrami¬ 
dal  neuron  dendrites  [24]  (Figure  2). 

Novel  data  suggest  that  signaling  downstream  of  Slit/ 
Robo  influences  the  growth  of  the  dendritic  spines  on 
cortical  neurons.  Slit— Robo  GTPase  activating  proteins 
(srGAPl,2,3)  are  regulators  of  the  actin  cytoskeleton 
through  their  inhibitory  action  on  small  Rho  GTPases 
(Racl,  RhoA,  Cdc42).  SrGAPS  were  identified  in  a  two- 
hybrid  screen  as  downstream  components  of  the  Slit/ 
Robo  pathway  in  forebrain  neuroblasts  [31].  Their  func¬ 
tion  has  since  been  investigated  in  a  variety  of  contexts, 
surprisingly  without  a  global  emphasis  on  the  require¬ 
ment  of  interaction  with  a  Robo  receptor. 

Through  its  N-terminal  F-BAR  domain,  srGAP2  induces 
filopodial  membrane  deformations.  This  increases  neur- 
ite  branching  in  cortical  neurons  but  reduces  migration 
speed  [32]  (Figure  2).  Furthermore,  while  the  F-BAR 
domain  of  srGAPl  attenuates  the  formation  of  cellular 
protrusions  in  cortical  neurons,  srGAP2  and  srGAP3 
promote  it  [33],  Quite  remarkably,  a  segmental  gene 
duplication  of  the  srGAP2  gene  in  humans  leads  to  the 
expression  of  two  srGAPs  with  a  truncated  F-BAR 
domain  (srGAP2B,  srGAP2C),  which  inhibit  the  action 
of  srGAP2A,  their  ancestral  counterpart  [34**, 35]. 
SrGAP2A  promotes  dendritic  spine  maturation  and  limit 
their  density  whereas  srGAP2C  boosts  spine  density  at 
the  expense  of  delayed  maturation.  This  human-specific 
trait  leads  to  increased  spine  density  providing  an  evol¬ 
utionary  explanation  for  different  morphological  features 
in  cortical  structures  in  humans  and  rodents.  How  this  is 
linked  to  Slit-Robo  signaling  remains  obscure  and  it 


would  be  worth  investigating  the  function  of  srGAPs  in 
a  Robo-deficient  background.  This  might  also  open  some 
therapeutic  perspectives  as  srGAP3  (also  known  as  WRP 
or  MEGAP)  plays  a  role  in  mental  retardation  [36],  long¬ 
term  memory  and  learning  [37*]. 

Proliferation  of  cortical  progenitors 

Robo  1/2  are  expressed  in  neuronal  progenitors  and  intri¬ 
guing  new  studies  suggest  that  they  control  neuronal 
proliferation.  A  higher  proliferation  of  CIN  progenitors 
had  been  observed  in  the  MGE  of  Robol  KO  and  Slitl/2 
double  KO  [38].  However,  in  the  mature  cortex,  the 
number  of  interneurons  was  only  increased  in  Slitl!2  KO. 

A  recent  analysis  of  neuronal  proliferation  in  Robol/2 
double  KO  detected  a  reduction  in  mitoses  across  a  wide 
range  of  proliferative  zones  within  the  CNS  from  the 
spinal  cord  to  the  cortex,  which  is  thinner  in  mutants 
[39*].  In  the  cortex,  the  absence  of  Robol/2  receptors 
perturbs  the  renewal  of  primary  progenitors  in  the  ven¬ 
tricular  zone  (VZ)  and  generates  a  larger  pool  of  inter¬ 
mediate  progenitor  precursor  cells  (IPCs)  in  the 
subventricular  zone  (SVZ;  Figure  2).  The  proliferation 
rate  of  IPCs  is  also  significantly  reduced.  A  similar  phe¬ 
notype  was  observed  in  Slitl/2  double  KO.  Furthermore, 
in  Robol/2  KO  a  higher  proportion  of  IPCs  is  connected  to 
the  apical  surface,  suggesting  that  this  perturbs  their  exit 
from  the  VZ  and  thereby  their  ability  to  divide  in  the 
SVZ.  Therefore,  Slits  diffusing  from  the  ventricle  could 
stimulate  the  detachment  of  IPCs  from  the  ventricular 
surface  through  Robo  receptors.  A  candidate  gene 
approach  among  known  mediators  of  neuronal  prolifer¬ 
ation  revealed  that  Robol/2  might  control  neurogenesis 
by  positively  regulating  the  expression  of  the  Notch 
effector  Hesl  (a  basic-loop-helix  TF)  in  cortical  progeni¬ 
tors.  In  Neuro2a  cells,  Robol  intracellular  domain  is 
required  to  activate  the  transcription  of  Hesl.  As  Robol 
can  be  cleaved  intracellularly  and  enter  the  nucleus  [23], 
these  data  provide  a  possible  framework  for  transcrip¬ 
tional  regulation  of  target  genes  by  Robo  receptors. 

Conclusions 

The  findings  summarized  herein  illustrate  that  our  un¬ 
derstanding  of  Slit-Robo  signaling  has  already  tremen¬ 
dously  expanded  beyond  the  classical  role  in  midline 
axon  guidance.  Given  that  Slits  and  Robos  are  continu¬ 
ously  expressed  during  embryogenesis  and  adulthood 
[40,41],  it  is  tempting  to  speculate  that  these  proteins 
are  involved  in  the  remodeling  and  plasticity  of  neural 
circuits.  It  will  be  worth  exploring  the  clinical  potential  of 
these  proteins  in  neuropsychiatric  disorders,  given  that 
preliminary  data  already  point  to  a  possible  function  in 
neurodevelopmental  disorders  such  as  dyslexia  or  autism 
[42,43].  ROBO  genes  could  represent  biomarkers  in  autis¬ 
tic  patients  [44,45],  Moreover,  Slit/Robo  function  is  per¬ 
turbed  in  presenilin-1  KO  [46*],  suggesting  that  abnormal 
Slit  signaling  might  contribute  to  neurodegenerative 
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diseases  such  as  Alzheimer.  A  recent  study  [47]  showed 
that  FLRT3  forms  a  complex  with  Robol  which  controls 
Netrin-1  attraction  in  TCAs. 
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